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Abstract Benign fibro-osseous lesions of the craniofacial
complex are represented by a variety of disease processes
that are characterized by pathologic ossifications and cal-
cifications in association with a hypercellular fibroblastic
marrow element. The current classification includes neo-
plasms,  developmental  dysplastic  lesions  and
inflammatory/reactive processes. The definitive diagnosis
can rarely be rendered on the basis of histopathologic
features alone; rather, procurement of a final diagnosis is
usually dependent upon assessment of microscopic, clinical
and imaging features together. Fibrous dysplasia and
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osteitis deformans constitute two dysplastic lesions in
which mutations have been uncovered. Other dysplastic
bone diseases of the craniofacial complex include florid
osseous dysplasia, focal cemento-osseous dysplasia and
periapical cemental dysplasia, all showing a predilection
for African descent individuals; although no specific
genetic alterations in DNA coding have yet to be uncov-
ered and most studies have been derived from predominant
high African descent populations. Ossifying fibromas are
neoplastic lesions with four subtypes varying with regard to
behavior and propensity for recurrence after surgical
excision. The clinicopathologic and molecular features of
this unique yet heterogeneous group of diseases are
reviewed.

Keywords Benign fibroosseous lesions -
Ossifying fibroma - Cementoosseous dysplasia -
Osteitis deformans - Cementoma - Fibrous dysplasia

Benign fibro-osseous lesions (BFOL) of the jaw, facial and
skull bones are a variant group of intraosseous disease
processes that share microscopic features [1-4]. Whereas
some are diagnosable histologically, most require a com-
bined assessment of clinical, microscopic and radiologic
features. In turn, some BFOL of the craniofacial complex
are unique to that location whereas others are encountered
in bones from other regions [5, 6]. Reactive, neoplastic,
developmental and dysplastic pathologic processes are
subsumed under the rubric of BFOL and treatment varies
from disease to disease. This review will discuss the clin-
ical, microscopic and imaging aspects of BFOL of the
craniofacial complex with updated information on under-
lying molecular pathogenetic mechanisms of disease.



178

Head and Neck Pathol (2008) 2:177-202

Classification

Prior to reviewing the features of each entity subsumed
under the heading of BFOL of the craniofacial complex,
we will proceed with a nosology of these lesions and as the
discussion progresses, we will attempt to support the basis
for this classification (Table 1). Whereas some investiga-
tors include giant cell lesions of bone with BFOL, lesions
of this nature will not be included here with the exception
of the trabecular variant of Ossifying Fibroma which is
essentially a BFOL yet may contain foci of multinucleated
giant cells.

By definition, all BFOL possess an osseous and a fibrous
tissue component. Table 2 lists the variations in histology
among BFOL. These variant appearances may be unique to
one disease yet in other instances, three or four entities may
share the same histology even though they represent sep-
arate and distinct clinicopathologic entities [2, 3, 5-10].
Essentially, the stromal element of BFOL may be quite
homogeneous yet hypercellular with monomorphic
appearing fibroblasts, whereas in others, the stroma is more
mature or collagenous and then in yet others a storiform
fibroblastic pattern prevails. The ossifications in BFOL can

Table 1 Classification of benign fibro-osseous lesions of the
craniofacial complex

1. Bone dysplasias
a. Fibrous dysplasia
i. Monostotic
ii. Polyostotic
iii. Polyostotic with endocrinopathy (McCune-Albright)
iv Osteofibrous dysplasia®
b. Osteitis deformans
c. Pagetoid heritable bone dysplasias of childhood
d. Segmental odontomaxillary dysplasia
II. Cemento-osseous dysplasias
a. Focal cemento-osseous dysplasia
b. Florid cemento-osseous dysplasia
III. Inflammatory/reactive processes
a. Focal sclerosing osteomyelitis
b. Diffuse sclerosing osteomyelitis
c. Proliferative periostitis
IV. Metabolic Disease: hyperparathyroidism
V. Neoplastic lesions (Ossifying fibromas)
a. Ossifying fibroma NOS
b. Hyperparathyroidism jaw lesion syndrome
c. Juvenile ossifying fibroma
i. Trabecular type
ii. Psammomatoid type
c. Gigantiform cementomas

# Osteofibrous dysplasia is found in the fibula and tibia only

Table 2 Microscopic similarities and dissimilarities among fibro-
osseous lesions

Fibrous element variations

Homogeneous plump monomorphic fibroblasts, hypercellularity,
thin collagen fibers

Mature, hypocellular

Fasiculated, Storiform
Ossification (trabeculation) variations

Metaplastic woven bone

“Chinese/Hebrew” figure trabeculae

Lamellar bone trabeculae

Osteoblastic rimming

Mosaic resting/reversal lines

Trabecular paralleling

Cemental woven

Cemental microlamellar

Sharpey fiber fringe

Droplet (psammomatoid)

Curvilinear conglomerates (“Ginger root™)

be quite heterogeneous even within a specific disease
entity. Newly formed bone shows a woven pattern of col-
lagen fiber orientation when viewed under polarized light.
Mature bone exhibits a lamellar pattern as does dental
cementum although the latter is microlamellar (Fig. 1).
Many BFOLs are found to have both irregular trabeculae as
well as spheroidal cementicle calcifications, so-called
“cemento-ossifying” lesions. The ossification patterns seen
in BFOL often represent the “age” of the lesion; formative
processes in the early stages are more cellular and osteo-
blastic rimming of trabeculae is more prominent than older
lesions of longer duration in which the stroma is more
mature. As each entity is reviewed, the predominant hist-
opathologic patterns will be specified (Genetic lesions are
listed in Table 3).

Fibrous Dysplasia

Fibrous dysplasia is a benign dysplastic process of altered
osteogenesis that may occur within a single bone (mono-
stotic) or multiple bones (polyostotic) [2, 5, 8]. When
polyostotic fibro-osseous lesions typical for fibrous dys-
plasia are associated with other anomalies and
endocrinopathy, this variant form constitutes the McCune-
Albright syndrome (MAS). The molecular underpinning of
this related group of diseases is a mutation in the gene that
encodes the G protein alpha-subunit (Gs-alpha) that cou-
ples cAMP to hormone receptors [11-18]. These mutations
result in GTPase perturbations that lead to prolonged Gs-
alpha activation and stimulation of endocrine receptors [4—
9]. The lesions of fibrous dysplasia show elevated
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Table 3 Genomic alterations in fibro-osseous lesions

Disease

Genomic lesions

Adult osteitis deformans

Sequestosome 1 gene (SQSTM1), a scaffold protein in the NFkappaB pathway;

Inactivating mutations in TNFRSF11B, which encodes osteoprotegerin (a decoy
receptor for RANK ligand)

Childhood Paget disease (idiopathic hyper-
Phosphatasemia

Insertion mutations in TNFRSF11A, a receptor activator of nuclear factor
(NF)kappaB (RANK)-a critical regulator of osteoclast function

Hereditary inclusion body myopathy, Paget’s disease Mutation in Valosin-containing protein (VCP), targeting the inhibitor

and fronto-temporal dementia

Familial expansile osteolysis/expansile skeletal
Hyperphosphatasia

Fibrous dysplasia, McCune Albright syndrome
G protein

Hyperparathyroidism associated ossifying fibroma

Psammomatoid Ossifying Fibroma
into Xq26

of NFkappaB for degradation by the proteasome
Tandem duplications in TNFRSF11A

Mutations of the Gsalpha gene (GNAS), the alpha-subunit of the stimulatory

Mutations in tumor suppressor gene HRPT2
Chromosomal breakpoints t(X;2)(q26;q33); interstitial insertion of bands 2q24.2q33

Fig. 1 Collagen fiber patterns in normal bone and cementum. (a)
Macrolamellar fiber pattern in bone, microlamellar pattern in
cementum. (b) Lamellar and woven patterns in osseous trabeculae.
(Crossed polars)

intracellular cAMP in bone marrow osteoprogenitor cells
and these molecular changes probably initiate cell prolif-
eration with differentiation defects. Gs-alpha mutation is
also seen in 40% of pituitary tumors causing acromegaly.

In fibrous dysplasia, these genetic lesions are postzygotic,
somatic and result in cellular mosaicism, a genetic process
that accounts for the fact the not all bones in polyostotic
disease are affected; the normal appearing bone in affected
individuals is devoid of genotypic lesions. Albright’s
hereditary osteodystrophy (psuedohypoparathyroidsm) also
involves a debilitating mutation in the Gs-alpha gene with a
wide range of skeletal anomalies, yet fibro-osseous lesions
are not extant.

Monostotic fibrous dysplasia of the craniofacial com-
plex is often confused with other BFOL, typically ossifying
fibroma and diffuse sclerosing osteomyelitis of the man-
dible, diseases that manifest unique clinicoradiologic
features. Monostotic fibrous dysplasia occurs in the jaw,
frontal, ethmoidal, temporal and calavarial bones [2-5, 8].
Clinically, the maxilla is affected more often than the
mandible and lesions are first detected in the late first and
early second decades without any gender or racial predi-
lection. The disease is characterized by painless osseous
expansion with facial asymmetry. Radiographic features
vary depending upon the stage of the disease (Fig. 2). Early
onset lesions are radiolucent and later progressively cal-
cify, culminating in a “ground glass” or mottled mixed
radiolucent/radiopaque pattern. Critical to the diagnosis is
the fact that fibrous dysplasia fails to manifest any discrete
margins; rather, the lesional bone subtly blends into the
surrounding normal appearing bone.

Histologically a fibro-osseous pattern is typically seen,
yet akin to the imaging features, subtle changes are seen at
various stages of the disease’s natural history. In the early
formative phase, pronounced osteogenesis is seen with thin
osteoid anastomosing trabeculae that are rimmed with
osteoblasts. The stromal fibroblastic element is prolifera-
tive and hypercellular although no pleomorphism can be
seen. With ensuing weeks, the trabeculae thicken, yet the
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Fig. 2 Fibrous Dysplasia. (a)
Expansile nonmarginated
ground glass opacification in the
mandible, (b). Ground glass
pattern in the maxilla, (c).
Clinical photograph
demonstrating cortical
expansion, (d). Diffuse
unilateral opacification of the
maxillary sinus

osseous collagen pattern remains woven and the trabeculae
assume the classic “Chinese figure” characteristics. The
fibrous element continues to be hypercellular. In later
stages of the disease woven bone is replaced by lamellar
bone trabeculae; extensive remodeling may result in a
mosaic pattern of resting and reversal lines (Fig. 3).

Most craniofacial lesions are monostotic, yet when a
diagnosis of fibrous dysplasia is rendered a skeletal imag-
ing survey must be ordered to search out lesions in other
bones. Physical examination must be performed to uncover
accompaniments that support the diagnosis of McCune-
Albright syndrome. Most of the anomalies in MAS can be
attributed to the hormone signally that occurs as a conse-
quence of the GNAS mutations [15-18].

Another variant of fibrous dysplasia is osteofibrous
dysplasia, a pediatric disease that is typically found in the
lower extremity long bones and is a fibro-osseous process
in which epithelial nests and islands are found dispersed
throughout the lesion [19-22]. Oftentimes the nests are
quite small and are seen only with immunostaining for
cytokeratins. These lesions show radiologic and histologic

features typical for fibrous dysplasia and many researchers
take the position that osteofibrous dysplasia is merely a
variant of fibrous dysplasia. Others consider this variant to
be an adamantinoma with a reactive fibro-osseous com-
ponent. Genetic analyses have failed to identify any G(s)
alpha mutations in osteofibrous dysplasia. Long term fol-
low up has failed to demonstrate the emergence of classic
adamantinoma from these lesions. Indeed, many cases
spontaneously resolve. Osteofibrous dysplasia has not been
described in the craniofacial complex although one of us
(LRE) has encountered a maxillary fibro-osseous lesion
with multiple epithelial nests, probably odontogenic in
origin, dispersed throughout the fibrous stroma.

Fibrous dysplasia may also be associated with soft tissue
myxomas, the Mazabraud syndrome [23].

Cherubism, familial fibrous dysplasia, is a benign dys-
plastic bone disease that is limited to the maxilla and
mandible and is not included in the classification of fibro-
osseous lesions. We include a brief discussion of this entity
and its syndromic associations only because it was at one
time considered to be a specific variant of fibrous dysplasia



Head and Neck Pathol (2008) 2:177-202

181

Fig. 3 Fibrous Dysplasia.
Microscopic patterns. (a)
Irregular trabeculae with a
fibrous element, (b) Polarization
microscopy corresponding to
figure A shows mature lamellar
fiber orientation. (¢) Similar
fibro-osseous pattern. (d)
Polarization microscopy
corresponding to figure C
depicts a less mature woven
fiber pattern

(which it is not). It has its onset in childhood and is
inherited as an autosomal dominant trait [24, 25]. The gene
for cherubism maps to chromosome 4pl6, the site for
adaptor protein 3BP2 which positively regulates the high
affinity IgE receptor (FcepsilonRI)-mediated activation of
degranulation in mast cells [26, 27]. Over-expression of
3BP2 mutant protein inhibits antigen-induced mast cell
activation as well as numerous other internal signaling
pathway proteins.

It affects males and females equally and the full phe-
notype affects both the maxilla and mandible with varying
degrees of expressivity in that some cases exhibit minimal
maxillary involvement. In the classic presentation, the
child presents with “cherubic facies” characterized by
upward gaze due to osseous expansion of the maxilla and
orbital floor and bilateral osseous expansion of the pos-
terior mandibular body and ramus. Teeth remain unerupted
and imaging studies reveal bilateral multilocular radiolu-
cencies with expanded cortices. Espansile lesions of the
temporal bone have also been reported in Cherubism [28].
Microscopically cherubism is a fibrous proliferation with-
out an osteogenic component. The collagenous network is
immature with delicate areolar fibrils. Small vessels within
the fibrous component exhibit a characteristic collagenous
cuffing (i.e.: perivascular hyalinizing fibrosis) and ran-
domly dispersed throughout are multinucleated giant cells
with diffusely dispersed nuclei. Aggressive forms of the
disease with more marked expansion occur and result in
more severe functional and cosmetic deformity [29].

Cherubism has occurred in association with three syn-
dromes: Noonan syndrome, Ramon syndrome and type I

Neurofibromatosis. The Noonan syndrome is characterized
by short stature, cherubic facies, congenital heart defects,
chest deformity and mild mental retardation. It may be
sporadic or inherited as an autosomal dominant trait and
occurs between one in 1000-2500 [30-32]. The Ramon
syndrome consists of mental deficiency, epilepsy, cherub-
ism, gingival fibromatosis, hypertrichosis, stunted growth
and juvenile rheumatoid arthritis [33, 34]. The rare cases
with NF1 association have shown multiple mutations (NF1,
SH3BP2, PTPNI11) [35, 36].

Osteitis Deformans (Paget Disease)

Osteitis deformans or Paget disease of bone (PDB) is an
osseous dysplasia that is characterized by rapid turnover
remodeling of bone throughout the skeleton. Unlike
fibrous dysplasia, osteitis deformans is a disease of the
elderly although there are two Paget-like bone dysplasias
that arise during childhood. Genetic alterations underscore
classic Paget’s disease of the elderly as well as familial
bone diseases with Pagetoid features [37-39]. All of these
diseases involve defective function of the osteoprotegerin/
TNFRSF11A or B/RANKL/RANK pathway, a molecular
regulator of osteoclastogenesis [40—45]. The classic form
of osteitis deformans is often associated with inactivation
mutations in the TNFRSF11B gene that encodes osteo-
protegerin.  Mutations in  SQSTMI1  (p62), the
sequestosome gene that encodes a scaffold protein for the
NFKappaB signaling pathway are also often encountered
in classic Paget’s disease. These mutations result in either
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loss of function or truncation/deletion of the ubiquitin
binding-associated (UBA) domain.

Various rare heritable syndromes present with child-
hood onset Pagetoid bone dysplasias with overlapping
clinicopathologic features [43—45]. Juvenile Paget disease
or idiopathic hyperphosphatasemia is an autosomal
recessive disease in which a deletion mutation within
exon 3 of the TNFRSF11B gene occurs resulting in loss
of aspartate in the osteoprotegerin gene product. The
mutated protein fails to suppress osteoclastic resorption.
In Paget disease with inclusion body myopathy and
fronto-temporal dementia, mutations in the VCP gene
(valosin-containing protein) which interacts with the
inhibitor of NFkappaB for proteosomal degredation are
identified. Familial expansile osteolysis is an autosomal
dominant disorder with 18 base pair tandem duplication in
TNFRSFI11A, the gene that encodes the receptor activator
of NFkappaB(RANK) and a related genetic disorder, ex-
pansile skeletal hyperphosphatasia, caused by a 15 base
pair repeat in TNFRSF11A.

Classic Paget Disease of Bone (CPDB) is an osseous
dysplasia with late adult onset. It is characterized by rapid
turnover of bone resulting in osseous expansion with pro-
gressive skeletal deformities [46—56]. Tubular bones show
bowing and spinal curvature with vertebral collapse occur
in the later stages of the disease. Markedly elevated serum
alkaline phosphatase is a constant feature, while calcium
and phosphate levels are normal. All bones of the cranio-
facial complex can be affected to varying degrees. As
facial and skull base remodeling evolves, cranial nerve
neuropathies can develop as a consequence of foramina
narrowing with deafness being the predominant finding in
most instances. In early stages of disease, radiolucent “coin
shaped” lesions appear in the flat bones of the skull, a
condition termed osteitis circumscripta (Fig. 4). Micro-
scopically, these are cellular fibro-osseous lesions with
minimally calcified osteoid trabeculae exhibiting osteo-
blastic rimming with concomitant osteoclastic resorptive
lacunae. Multinucleated cells are also found within the
fibrocellular foci, without juxtaposition to the osseous
elements. In addition osteoclasts are numerous, larger than
normal and have increased numbers of nuclei per cell.

The bones of the maxillofacial complex manifest a
ground glass trabecular pattern in early stage disease, yet
with progression, diffuse sclerosis is seen radiographically
yielding the so-called “cotton wool” appearance of con-
fluent nodular opacifications. Similar changes are
identifiable in other bones of the craniofacial complex
including the calvarium. Histologically, sclerotic cranio-
facial lesions show marked evidence of turnover; resting
and reversal lines of lamellar compact and trabecular bone
are prevalent and haphazardly arranged into a mosaic
pattern (Fig. 4c). Another prominent dental finding is

generalized hypercementosis which is most advanced on
premolar and molar teeth.

The disease is most prevalent in the British Isles and
New Zealand affecting over 1% of the population, some-
what less common in Italy, other European countries and
the United States [57]. In Latin America, most cases are
traced to northern European ancestry and in Japan, only 2.8
cases per million are encountered [58, 59].

There are many reports that have described viral parti-
cles and arrays in the osteoclastic cells of CPDB [60-68].
Nucleic acid sequences and microbial antigens have been
observed for paramyxoviruses (measles in particular),
canine distemper virus and respiratory syncytial virus. It
has been shown that normal osteoclasts transduced with
retroviral vectors that express Measles Virus Nuclear
Protein and Measles Virus Matrix genes develop a pagetic
osteoclastic phenotype with increased numbers and
increased nuclei per cell. Alternatively, reverse transcrip-
tase PCR and nested RT-PCR do not support the presence
of viral transcripts. Furthermore, active virus has not been
recovered from Paget bone. Therefore the presence of viral
like nuclear inclusions in Paget osteoclasts remains enig-
matic as far as a causal factor is concerned.

Two neoplastic processes may occur in patients with
CPDB, namely giant cell tumors and sarcomas (osteogenic
sarcoma, and less commonly fibrosarcoma, chondrosar-
coma and undifferentiated sarcoma). Giant cell tumors are
histologically identical with giant cell granulomas of the
jaws and giant cell tumor of long bones [69, 70]. In the
craniofacial complex they appear as multilocular radiolu-
cencies on plane films or as multicompartmentalized
lesions on CT images. Paget-associated giant cell lesions
are rare and occur in the absence of hyperparathyroidism.

Osteosarcomas in CPDB are seen in the elderly with
severe advanced disease and occur primarily in the pelvis.,
proximal femur, tibia and in the calvarium [71-82]. Most
are high grade and have already metastasized at the time of
discovery. Only 14% survive beyond 2.5 years. In a case
study of 13 instances of head and neck osteosarcoma, only
1 patient presented with Paget disease.

Bisphosphonates (pamidronate, alendronate, and risedr-
onate) have been shown to have significant effects on
reversing many of the osseous lesions in CPDB and his-
tologic findings following pharmacologic intervention
appear more normal [83, 84].

Juvenile Paget disease (Idiopathic hyperphosphatasia) is
a bone dysplasia that is inherited as an autosomal recessive
trait that is characterized clinically by deformities in the
long bones, kyphosis, acetabular protrusion and patho-
physiologically by rapid bone turnover [43, 85, 86]. The
disease begins in infancy or early childhood and is char-
acterized by long bone widening with propensity for
pathologic fracture and thickening of the skull. Serum
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Fig. 4 Osteitis deformans. (a)
Osteitis circumscripta of the
calvarium, (b). Cotton wool
opacification in the maxilla, (c).
Mosaic pattern of resting and
reversal lines in sclerotic bone
regions

alkaline phosphatase is elevated. Extremely rapid bone
turnover is accompanied by osteopenia and skeletal
deformity with bowed limbs.

Familial expansile osteolysis (FEO) was first described
in a family from Northern Ireland and is inherited as an
autosomal dominant trait [87-91]. The disease becomes
manifest in the second decade and is characterized by
osteoclastic resorption with cancellous bone expansion and

elevation in serum alkaline phosphatase. Early tooth loss
by external resorption and deafness attributed to ossicle
agenesis are featured. Histologically the involved bone
shows focal collections of multinucleated giant cells and
ultrastructural analysis discloses the presence of viral-like
inclusions. A fibro-osseous pattern is encountered with
evidence of extensive remodeling and deposition of woven
bone. Areas of radiolucency are histologically comprised
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of adipose and fibrovascular marrow elements with mini-
mal osteogenesis.

Expansile skeletal hyperphosphatasia (ESH) shows
overlapping features with FEO, also being inherited as an
autosomal dominant trait [44, 45, 92, 93]. Accelerated bone
turnover is seen along with hyperostotic expansion of the
long bones with significant pain involving the phalanges,
premature tooth exfoliation and deafness. Unlike FEO,
ESH manifests episodic hypercalcemia and there is an
absence of large osteolytic lesions with cortical thinning.
The bones of the skull and appendicular skeleton show
hyperostotic and sclerotic changes radiographically. Alka-
line phosphatase is elevated. Extensive skeletal remodeling
is seen histologically, yet no viral like inclusions have been
reported in osteoclastic cells.

Segmental Odontomaxillary Dysplasia

A unique monostotic pathologic process that occurs in the
maxilla is segmental odontomaxillary dysplasia [94-98].
The lesion is confined to a single segment of the maxilla,
usually involving the premolar and molar teeth and asso-
ciated alveolar bone. Some would elect to exclude this
entity from the classification of BFOLs based on histology
which is unique (vide infra). Clinically, teeth often fail to
erupt and in the affected region, dental anomalies are
encountered including malformed, misshapened and/or
teeth of anomalous size. There may also be enamel defects.
The alveolar bone in the affected segment exhibits mild
expansion and radiographically, normal trabeculation is
replaced by opacified streaks that resemble falling sleet
(Fig. 5a). Microscopically, a fibro-osseous pattern is
encountered. Both woven and lamellar irregular trabeculae
are encountered with minimal osteoblastic rimming and the
fibrous element is represented by small immature collagen
with only a mild increase in cellularity. In many areas,

Fig. 5 Segmental
Odontomaxillary Dysplasia. (a)
Replacement of trabeculae by a
“sleet storm” configuration and
underupted teeth. (b)
Fibroosseous microscoscopic
pattern with low cellularity,
prominent osteocyte
hypercellularity and mosaic
bone

more dense sclerotic bone is seen and cementicle ovoid
calcifications may also be encountered. The bone is unique,
showing mosaic Pagetoid resting and reversal lines with
prominent osteocyte hypercellularity characterized by
multiple large lacune (Fig. 5b). The hypocellularity in the
stroma, unlike most other BFOLs is common, although
there are microscopic fields in which the stroma is cellular.

Cemento-Osseous Dysplasias
Clarification of Terminology

Periapical cemento-osseous dysplasia (PCOD) and focal
cemento-osseous dysplasia (FCOD) represent the most
common fibro-osseous lesions of the jaws [6, 99-102].
PCOD or FCOD are two different terms for the same
reactive lesion. Florid cemento-osseous dysplasia
(F1.COD) denotes an extensive process with multifocal
involvement of the jaws by lesional tissue with the same
microscopic appearance as is encountered with PCOD and
FCOD. All of the cemento-osseous dysplasias occur in
tooth-bearing areas.

A bewildering number of terminologies have been used
for these lesions in the literature. Periapical cemento-
osseous dysplasia has been previously referred to as
cementoma, periapical cementoma, periapical cemental
dysplasia, and periapical fibrous dysplasia [100]. Despite
the profusion of appellations, PCOD is a reasonably well-
defined clinical-radiological entity, predominantly involv-
ing the apical areas of vital mandibular incisors. The term
FCOD was recently recommended by Summerlin and To-
mich [102] and has been previously described by different
investigators under the designations of “osseous dysplasia
reaction of bone to injury” and “localized fibro-osseous
cemental lesions—presumably reactive in nature” [99,
103, 104]. The tooth-bearing areas of the posterior jaws,

=
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particularly in sites of former extraction, are the common
sites for FCOD, some of which had been previously con-
fused with, or misdiagnosed as cemento-ossifying fibroma
[102]. The observation that PCOD and FCOD share the
same histopathology and show similar, if not identical,
clinical profiles prompts one to consider that both are the
same entity with different locations. In fact, the World
Health Organization definition of periapical cemental
dysplasia, is “a non-neoplastic lesion affecting the peri-
apical tissues of one or more teeth”, which therefore does
not subclassify this lesion according to any defined location
(i.e.: anterior vrs posterior apical areas of jaws) [101]. We
believe that the designation of “periapical cemento-osse-
ous dysplasia” is more appropriate than that of “periapical
cemental dysplasia” because both cementum-like and bony
calcifications are present in this entity. PCOD or FCOD
may be used interchangeably as a matter of personal
preference. The authors propose to use FCOD to encom-
pass those lesions formerly designated as either PCOD or
FCOD.

Focal Cemento-Osseous dysplasia

The literature from the different groups of studies has
shown that FCOD occurs predominantly in females with a
mean age in the mid-thirties, and a slightly higher distri-
bution among African Americans (64%). The majority of
these lesions is asymptomatic (62%) with an average size
of 1.5 cm. The mandible is the most frequent site of
occurrences (86%). On gross examination, the lesion is
typically comprised of multiple tan and brown tissue
aggregates that appear crumbly [102, 105-112].

Fig. 6 Nonexpansile cemento-
osseous dysplasias. (a)
Periapical Cemental Dysplasia
(PACD), a subtype of focal
cemento-osseous dysplasia of
the anterior mandible begins as
a periapical radiolucency. (b)
PACD opacifies forming a
radiographic “target lesion” in
later stages of the disease. (c, d
and e). Target lesions in focal
cemento-osseous dysplasia
affecting the posterior teeth. (c)
A traumatic bone cyst is seen at
teeth 19 and 20

Radiographically, this condition evolves through three
phases: early, intermediate and late stages. The early stage
of FCOD classically presents with a well-defined radiolu-
cency at the apices of mandibular teeth (Fig. 6). The
radiographic image may be erroneously diagnosed as an
endodontic infection and a pulp vitality test should clarify
the clinical confusion, although some challenges may
occur. The lesions of FCOD at its intermediate stage
demonstrate a mixed radiolucent-opaque pattern with a
well defined radiolucent rim around the radiopacity. These
lesions at the late stage display diffuse radiopacity often
with ill-defined borders. The microscopic features of
FCOC are identical to those encountered in florid cemento-
osseous dysplasia described below.

It is important to differentiate lesions of FCOD from a
true neoplasm, ossifying fibroma (OF). FCOD demon-
strates an irregular mixed radiolucent-opaque pattern
(69%) with slightly more than half of cases showing well-
defined borders. However, more than half of OF present as
a pure radiolucency with significantly larger size and typ-
ically cause jaw expansion clinically. Secondly, FCOD
shows a close association with tooth apices (70.6%) or with
previous extraction sites (21%). However, the majority of
OF (86%) shows no relationship with either. These features
provide a primary guidance for distinguishing these two
entities clinically. FCOD represents a benign nonneoplastic
process while OF is a true neoplasm [101, 102, 106].
Complete surgical removal is unnecessary after a diagnosis
is made, although a periodic follow-up is recommended in
order to ensure that no further enlargement or expansion
occurs, features that argue in favor of an ossifying fibroma
that was merely encountered in an early stage of
development.
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Florid Cemento-Osseous Dysplasia

When lesions with radiologic and microscopic features
similar to FCOD extend to two or more quadrants of the
jaw, the disease is termed florid cemento-osseous dysplasia
(FICOD) [112-120]. In most instances, the disease affects
the mandible bilaterally and may or may not show con-
comitant maxillary involvement. Most of the patients with
FICOD are more than 45 years old, although, it has been
reported in younger patients. Black females are predilected
although other races may be affected. FICOF is usually
asymptomatic and symmetrically distributed. Radiograph-
ically the disease is characterized by multiple confluent and
nonexpansile radio-opacities, often with a circumferential
radiolucency. The lesions are most common in the man-
dibular molar/premolar region (Fig. 7). Pain is the most
frequent complaint if patients become symptomatic. The
symptomatic patients have been reported with a higher
prevalence in Orientals, mainly Chinese. The diagnosis can

Fig. 7 Florid Cemento-osseous Dysplasia. (a) Multiple confluent
opacities in all four jaw quadrants, (b). Bilateral radiolucent and
mixed lucent/opaque lesions, (c). radiolucent regions are empty bone
cavities similar to traumatic bone cyst of the jaws

be made based on radiographic presentation. An odonto-
genic infection in teeth overlying lesional tissue may result
in widespread infection evolving into an acute suppurative
osteomyelitis with bony sequestration. Indeed, osteomy-
elitis may occur as a complication of open biopsy for
FICOD.

Concomitant cystic changes may occur in both FCOD
and FICOD, being more often associated with the latter
[112, 119, 120]. These irregular or multilocular radiolu-
cencies resemble simple bone cysts being vacant cavities in
bone without a cystic epithelial lining.

In the early stage of the lesion which is largely radio-
lucent, FCOD reveals multi-fragmented tissue composed of
vascular fibrous stroma with scattered osteoid trabeculae.
The stroma often displays characteristic cavernous-like
vascularity which is almost always associated with early
formation of bony trabeculae (Fig. 8a, b). Free hemorrhage
is frequently interspersed in the artifactual spaces
throughout the specimen. Osteoblasts are seen occasionally
around the osteoid trabeculae. In the intermediate stage, the
vascular stroma becomes more fibrotic with additional
formation of osteoid trabeculae (Fig. 8c). Occasional
cement-like calcifications are also present. These struc-
tures, often termed “cementicles” or “bonicles” by other
authors are characterized as ovoid calcifications that often
show radiating Sharpey fibers when viewed under polar-
ized light. In the late state corresponding to
radiographically demonstrable opacification, FCOD often
displays very little fibrotic stroma with thick curvilinear
trabeculae (“ginger root” pattern) or irregularly shaped
cementum-like masses (Fig. 8d, e).

The study in a pathologic spectrum of 316 cases asses-
sed 24 histopathologic parameters for their ability to
distinguish between FOCD and OF [106]. Results revealed
that 92.5% of FCODs were composed of multiple small
fragments of tissue while 88.0% of OFs showed a large
intact specimen. Thick curvilinear trabeculae (*“ginger
root” pattern) or irregularly shaped cementum-like masses
were typically seen in FCOD whereas thin isolated tra-
beculaec with prominent osteoblastic rimming were more
commonly observed in OF. The stroma of FCOD often
displayed characteristic cavernous-like vascularity which
was almost always associated with bony trabeculae. Free
hemorrhage was frequently interspersed in the artifactual
spaces throughout FCOD. In contrast, the cases of OF
showed more cellularity in the stroma in which a storiform
pattern was present in more than half the lesions studied.
The features described here allowed distinction between
FCOD and OF histopathologically in 94% of cases studied
[10]. The histopathology of FICOD shows mixed stages
identical to FCOD depending on where the biopsy is taken.
The majority of the cases reveals the characteristic late
stage of FCOD (Fig. 8a, b). Simultaneous cystic changes
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Fig. 8 The Cemento-osseous g A
Dysplasias. (a) Early stage
lesion with hemorrhagic foci, &

(b). Early region with fibro-
osseous pattern, (c¢). Mid stage
lesion with progressively more
trabeculae, (d). Late stage lesion
with sclerotic bone. (e) Late
stage lesion with “ginger root”
curvilinear confluent trabeculae

may occur in FICOD and the histopathology from the
cystic area is identical to simple bone cyst [105, 112].

Inflammatory/Reactive Processes

Most infections of the jaws are odontogenic in origin. Both
pyogenic and anaerobic bacteria are usually responsible for
acute, subacute or chronic osteomyelitis (streptococci,
bacteroides, actinomycetes). These infections when sup-
purative may develop intraoral as well as cutaneous sinus
tracts, and the osseous lesions are destructive, typically
portrayed as “moth-eaten” radiolucencies owing to the
osteoclastic resorption induced by the infectious agents and
the host inflammatory response. Anachoretic infections
may also seed the jaws to cause osteolytic lesions, yet an
odontogenic source of infection from dental caries is far
more common.

Low grade infections may occur within the craniofacial
bones, usually the mandible, and initiate osteoblastic rather
than osteoclastic activity. These infections are caused by
anaerobic organisms of low virulence and histologic evi-
dence of an inflammatory response in bone marrow is
typically absent. The host response to these low grade
infections is reactive osteogenesis and imaging patterns
show diffuse homogeneous opacification. Reactive prolif-
eration of the periosteum is also a frequent
accompaniment. In concert, facial bones that envelop the
paranasal sinuses are occasionally affected in sinusitis and

may show a reactive osteosclerotic reaction with micro-
scopic features that are fibro-osseous in nature.

Focal Sclerosing Osteomyelitis (Condensing Osteitis)

The mildest and most self-limited form of sclerosing
osteomyelitis is encountered in the posterior mandible at
the apices of molar teeth [121-129]. The condition is
extremely rare in the maxilla. The lesion is of putative
microbial origin, although extensive bacterial culture
studies have not been forthcoming. A bacterial origin for
the disease is teleological and empirical, based on the
finding that the involved tooth affected by advanced caries
that supposedly resulted in pulp exposure by cariogenic
and other oral bacteria. The pathogenic bacteria are
believed to be of low virulence leading to a chronic low
grade pulpitis with spread of infection out the apex with
resultant osteoblastic stimulation in the absence of an
inflammatory response.

Condensing osteitis is characterized by an asymptom-
atic, nonexpansile periapical lesion associated with a tooth
exhibiting deep caries. In the early stage of the infection, a
radiolucency is seen at the apex, simulating a dental
abscess, granuloma or cyst. If biopsied, no inflammation is
encountered; rather, a benign fibro-osseous histology is
encountered. With ensuing longevity, the apical lesion
progressively opacifies and microscopically, dense lamellar
Haversian bone is formed as the fibrous element becomes
overshadowed (Figs. 9 and 10). A clinicoradiologic
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Fig. 9 Chronic Sclerosing Osteomyelitis. (a) Diffuse form showing
right mandibular opacification, (b). Focal Condensing osteitis with
focal opacification at the root apex, (c). Proliferative periostitis
showing carious associated tooth and cortical “onion skinning”

diagnosis is usually made without need for biopsy. Root
canal therapy is the treatment of choice, yet after com-
pleted, the apical radio-opacity fails to resolve.

Focal sclerosing osteomyelitis in its later sclerotic
phase, is often confused with focal osteosclerosis or bone
scar. The latter occurs at the apices or is interposed
between the roots of sound noncarious teeth. It is densely
radio-opaque and does not evolve from a benign fibro-
osseous lesion. Another entity in the differential diagnosis
is focal cemento-osseous dysplasia that is coincidentally,
yet not causally, at the apex of a carious tooth.

Diffuse Sclerosing Osteomyelitis

As mentioned previously, most forms of osteomyelitis
affecting the jaws derive from the spread of odontogenic
infection into marrow spaces. These bacterial infections are
often acute or subacute, showing motheaten radiolucencies.
Conversely, diffuse sclerosing osteomyelitis (DSO), akin to
its lesser cousin, focal sclerosing osteomyelitis, is charac-
terized by a unilateral diffuse ground glass opacification
without defined boundaries, of the mandibular body
(Fig. 9) [130-137]. Clinically, the patient presents with
cortical osseous expansion and a history of dull episodic
pain that may last for weeks only to subside and later
become symptomatic again. Routine culture usually yields
normal oral flora. A definitive anaerobic culture must be
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Fig. 10 Chronic Sclerosing Osteomyelitis. (a) Fibro-osseous pattern
in early stages and around the periphery of solidly opaque regions,
(b). Paralleling of trabeculae in proliferative periostitis. (¢) Late stage
dense osteosclerosis in diffuse sclerosing osteomyelitis

procured from a trephine bone biopsy specimen. DSO is
usually caused by gram negative anaerobic bacteria of low
virulence. The source of infection may be odontogenic with
a grossly carious tooth overlying the region; conversely,
some cases have no identifiable odontogenic source.
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Microscopically, the ground glass bone exhibits a fibro-
osseous pattern with intervening foci of dense sclerotic
bone (Fig. 10). The osseous elements are trabecular in the
fibro-osseous regions, cementifying areas being absent.

Fibrous dysplasia and florid cemento-osseous dysplasia
are the chief considerations in the differential diagnosis,
however the former is a painless lesion and the latter
manifests multiquadrant opaque lesions with associated
radiolucencies that on biopsy show both trabecular and
cementifying areas along with hollow bone cavities. In the
earlier literature, florid cemento-osseous dysplasia was
erroneously diagnosed as DSO, probably because the latter
is occasionally found to be secondarily infected with fist-
ulae and sequestra.

Proliferative Periostitis

When the low grade infectious progress of DSO involves
the periosteum, it frequently induces neo-osteogenesis and
the periosteal layer becomes redundant, yielding the classic
“onion skinning” phenomenon originally subsumed under
the appellation Garré’s periostitis (Fig. 9) [138—144]. In
fact, it is the periosteal reaction that accounts for the
clinically evident cortical expansion seen in DSO.

Biopsy of the periosteum discloses a trabecular pattern
that is often reteform with a tendency for parallel orien-
tation (Fig. 10).

DSO is managed by eliminating any odontogenic sour-
ces of infection by either extraction or root canal therapy.
Culture and sensitivity must be obtained and long term
antibiotic therapy can then be administered. With appro-
priate antibiotic therapy, the cortically expanded areas
ultimately resolve autonomously.

Hyperparathyroidism

Craniofacial bone lesions may be seen in both primary and
secondary hyperparathyroidism (HPT) with benign fibro-
osseous lesions being more often reported among patients
with renal osteodystrophy [145-152]. The “brown tumor”
of hyperparathyroidism, a giant cell lesion, may be
encountered anywhere in the skeleton in both primary and
secondary HPT. In the early stages of renal osteodystrophy,
the jaws and facial bones will exhibit a loss of normal
trabeculation as seen radiographically, replaced by a non-
expansile diffuse ground glass opacification (Fig. 11).
Microscopically, a BFOL characterized by trabecular bone
is seen.

Marked facial deformity is seen in a subset of renal
osteodystrophy patients with thickening of diploe and
massive maxillomandibular enlargement with protrusion of
the anterior teeth and wide diastemas [152—-157]. Similar

Fig. 11 Hyperparathyroidism. (a) Ground glass diffuse opacification
in renal osteodystrophy. (b) Histology is fibro-osseous

findings have been found in animals where the condition
has been referred to simply as “big head” disease. Other
terms applied to this condition include the Sagliker syn-
drome and the uglifying human face syndrome. In humans
the enlarged regions of the facial bones, jaws and skull
manifest a dense ground glass opacification not unlike that
of Alber’s Schonberg (familial osteopetrosis, marble bone
disease). Parathyroidectomy does not usually result in
resolution of the bony enlargements. This condition has
been reported in the past as Leontiasis Ossea. This clinical
term has also been applied to expansile lesions of fibrous
dysplasia and Paget disease of bone and should not,
therefore, be restricted to secondary HPT.

Another maxillofacial fibro-osseous lesion that is seen in
hyperparathyroidism is ossifying fibroma [153-160]. In
this condition, referred to as hyperparathyroidism-jaw
tumor syndrome, patients suffer from familial parathyroid
adenomas, ossifying fibroma of the jaws, renal cysts and
Wilms tumors. The HRPT2 tumor suppressor gene has
been found to be mutated in this syndrome and more recent
studies have found perturbations in this gene among non-
syndrome associated ossifying fibromas of the jaws. The
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mutated gene inactivates the parafobromin protein through
truncation. The microscopic appearance of the syndrome
associated ossifying fibromas is the same as that encoun-
tered in ossifying fibroma NOS (vide infra).

Ossifying Fibromas

Neoplasms with a fibro-osseous histology are represented
by the ossifying fibroma group of lesions. These are neo-
plasms in the true sense, exhibiting progressive
proliferative capabilities with boney expansion and,
importantly, well defined margins radiologically. Sub-
sumed under this diagnostic category are ossifying/
cementifying fibroma not otherwise specified (NOS),
implying that the clinicopathologic features do not conform
to the other types of ossifying fibromas; these specific
subtypes include psammomatoid variant of ossifying
fibroma, trabecular variant of ossifying fibroma and gi-
gantiform cementoma, the latter of which may show an
autosomal dominant genetic or “familial” underpinning.
Most ossifying fibromas are single focal lesions; however
gigantiform cementoma is typically multifocal and may
occur in all four jaw quadrants in a single patient. There are
also reports of lesion multiplicity in the other forms of
ossifying fibroma yet such occurrences are quite rare.

Ossifying/Cementifying Fibroma, NOS

The most common form of ossifying fibroma occurs in the
maxilla and mandible and represents a neoplastic process
that is typically painless, presenting with expansion of the
buccal and lingual cortices and in larger lesions may

Fig. 12 Ossifying fibroma
NOS. Radiographically, the
lesions are expansile and
radiolucent with internal
floccular to dense opacities

expand the inferior aspect of the mandible [105, 106, 120,
161-164]. Teeth in the vicinity of these lesions are often
displaced superiorly (Mandibular lesions) or inferiorly
(Maxillary lesions) and the latter typically expand into the
maxillary antrum. Radiographically, early stage lesions in
their formative phase, are typically radiolucent since the
osseous element is noncalcified osteoid. Over time, the
tumors become progressively radioopaque as more matrix
calcifies (Fig. 12). Very few molecular studies have been
reported for the ossifying fibroma group of lesions, only a
few case reports having appeared in the literature. As
mentioned previously, there are reports that identify
mutations in HRPT2 a gene that encodes parafibromin
protein.

Ossifying fibroma NOS shows three histologic patterns
and some demonstrate a mixture of these patterns. The
common “ossifying” form shows a pattern that may be
indistinguishable from fibrous dysplasia, with small irreg-
ular osteoid trabeculae that are typically rimmed by
osteoblasts. The stromal element is hypercellular and the
fibroblastic cells are devoid of atypical cytologic features.
Early formative tumors show woven bone patterns when
assessed under polarized light; however, when the lesions
mature, osteoblastic rimming is minimal and the irregular
trabeculae are often lamellar (Figs. 13, 14). The “cemen-
tifying” form is similar to the psammomatoid variant that
will be described later. Most cementifying types also
contain more typical osseous trabeculae in addition to the
cemental structures which are ovoid or droplet in shape.
These ovoid calcifications resemble normal cementicles
that are present in the periodontal ligament. In previous
publications the ovoid lesions have been referred to as
cementifying fibromas while those with both osseous and




Head and Neck Pathol (2008) 2:177-202

Fig. 13 Ossifying Fibroma
NOS. Microscopic variations.
(a) irregular trabeculae with
osteoblastic rimming, (b).
corresponding to figure A, both
lamellar and woven patterns are
present, crossed polars, (c).
mosaic bone without
osteoblastic rimming, (d).
corresponding to figure C,
predominantly woven bone,
crossed polars

cementoid calcifications are labeled as cemento-ossifying
fibromas. Lastly, the “storiform” form of ossifying fibroma
(NOS) is typified by streaming of the fibroblastic stromal
elements in a pinwheel configuration similar to benign
fibrous histiocytoma. Dispersed throughout are whispy
calcifications that appear like dystrophic bone and many
also show an ovoid configuration.

Regardless of the variant forms of ossifying fibroma
NOS, the behavior and natural history appear to be the

same. The lesions grow slowly and expand cortices, yet
simple curettage and enucleation are generally sufficient
for a cure. Recurrences are uncommon.

Juvenile Ossifying Fibroma

The term juvenile ossifying fibroma (JOF) also known as
Juvenile Active Ossifying Fibroma [165-167] and juvenile
aggressive ossifying fibromas [165, 168, 169] is used in the
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Fig. 14 Ossifying Fibroma
NOS with trabecular and
stromal variations. (a).
dystrophic appearing
calcifications in a storiform
fibrous element, (b). Cementicle
calcifications in a patternless
stroma, (c¢). Cemento-ossifying
pattern, (d). Whispy
calcifications

literature to describe two distinct clinicopathologic entities;
(1) Trabecular juvenile ossifying fibroma (TrJOF) and (2)
Psammomatoid juvenile ossifying fibroma (PsJOF).

Trabecular Juvenile Ossifying Fibroma

TrJOF also known as trabecular desmo-osteoblastoma is
defined as a lesion affecting the jaws of children composed
of a cell rich fibrous stroma containing bundles of cellular
osteoid and bone trabeculae without osteoblastic rimming,
and aggregates of giant cells [165, 167, 169, 170].
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The great majority of the patients are children and
adolescents. Only 20% of the patients are over 15 years of
age. In a review of a number of case series the mean age
range was found to be 8.5-12 years. Males and females are
equally affected [165, 168-171]. The maxilla and the
mandible are the dominant sites of incidence. Occurrence
in the maxilla is slightly more frequent than in the man-
dible. Origin in extragnathic locations is extremely rare.
Clinically, TrJOF is often characterized by a progressive
and sometimes rapid expansion of the affected area; pain is
a rare symptom [165-173]. In the maxilla, obstruction of
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Fig. 15 Aggressive Juvenile Ossifying Fibroma, Trabecular Type.
(a) Expansile maxillary mass, (b). Trabecular bone and hypercellular
stroma, (c). ossification poor, hypercellular fibroblastic zones, (d).
Focal collections of multinucleated giant cells

the nasal passages and epistaxis may be present. Radio-
graphically, the tumor is expansive and may be fairly well
demarcated, with cortical thinning and perforation.
Depending on the amount of calcified tissue produced, the
lesion will show varying degrees of radiolucency or radi-
odensity. Ground-glass as well as a multilocular
honeycomb appearance has been described (Fig. 15).
Microscopically, TrJOF is unencapsulated and shows
infiltration of the surrounding bone. The tumor has a
characteristic loose structure. The stroma is cell-rich, with
spindle or polyhedral cells that produce little collagen [165,
168-171, 173]. Cellular, immature osteoid forms strands
that may be long and slender or plump (Fig. 15). These
structures have been likened to paint brush strokes. The
immature cellular osteoid is not always easily distinguished
from the cellular stroma. Irregular mineralization takes

place at the center of the strands. Maturation to lamellar
bone is not observed. Local aggregates of osteoclastic giant
cells are invariably present in the stroma (Fig. 15). Mitotic
activity of the stromal cells may be present but is never
numerous. Cystic degeneration and aneurysmal bone cyst
formation has been reported in a few cases.

The clinical course of JAOF is characterized by infre-
quent recurrence following conservative excision. One or
more recurrences were observed in 3 of 10 patients
reported by Slootweg et al. [169]. Eventual complete cure
could be achieved in those cases without resorting to rad-
ical surgical intervention. Malignant transformation has not
been reported.

Psammomatoid Juvenile Ossifying Fibroma

Unlike TrJOF, psammomatoid juvenile ossifying fibroma
(PsJOF) is a lesion that affects predominantly the extra-
gnathic craniofacial bones, particularly centered on the
periorbital, frontal, and ethmoid bones [165]. PsJOF was
initially described by Gogl [174] as early as 1949 under the
designation psammomatoid fibroma of the nose and para-
nasal sinuses. Margo, in 1985 [175] described PsJOF as a
distinctive solitary fibro-osseous lesion of young individ-
uals that affects the orbit and shows distinguishing
histologic features. PsSJOF was also reported under the
designation juvenile active ossifying fibroma by Johnson
et al. [166] and juvenile ossifying fibroma with psammoma-
like ossicles [169] and psammous desmo-osteoblastoma by
Makek [165]. PsJOF is not classified under osseous tumors
of the jaws in the Armed Forces Institute of Pathology
(AFIP) Atlas of Tumor Pathology [176] nor was it con-
sidered a gnathic tumor in the WHO histologic
classification of odontogenic tumors [167]. Contrary to the
belief of some authors, PsJOF is a separate clinicopatho-
logic entity than the gnathic cemento-ossifying fibroma.
Afflicted individuals tend to be young, although the
average age of incidence has varied in different studies
from 16 to 33 years with an age range of 3 months to
72 years [165, 169-171, 174-182]. In general, patients
with PsJOF are a few years older than those with TrJOF.
But, as in the case of TrJOF, there is no sex predilection.
The greatest majority of the reported cases of PsJOF
originated in the paranasal sinuses, particularly frontal and
ethmoid. About 10% have been reported in the calvarium.
Makek [173] in his review indicated that 7% of the cases
occurred in the mandible. In a more recent study one of
three cases originated in the mandibular ramus [165].
PsJOF is clinically manifested as bone expansion that
may involve the orbital or the nasal bones and sinuses.
Orbital extension of sinonasal tumors may result in prop-
tosis, and visual complaints including blindness, nasal
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obstruction, ptosis, papilledema, and disturbances in ocular
mobility.

Radiographic examination shows a round, well-defined,
sometimes corticated osteolytic lesion with a cystic
appearance [106, 165, 172]. Sclerotic changes are evident
in the lesion which may show a ground-glass appearance.
In computed tomographic scans set on bone window, the
lesions appear less dense than normal bone (Fig. 16a). The
lesions may range in size from 2 to 8 cm in diameter.
PSOF may appear multiloculated on CT scans. Areas of
low CT density may be noted due to cystic changes. It is
stated that in the facial skeleton a well-circumscribed
expansive mass with a thick wall of bone density on CT
scan and enhancement of this area on post contrast MR
image is strongly suggestive of psammomatoid juvenile
ossifying fibroma.

On gross examination, the tumor is described as yel-
lowish, white and gritty. On light microscopic examination,
the tumor is significant for multiple round uniform small
ossicles (psammomatoid bodies) embedded in a relatively

Fig. 16 Aggressive Ossifying Fibroma, Psammomatoid Type. (a)
Paraorbital well demarcated expansile radioopacity. (b) Psammoma-
toid calcifications resembling cementicles with a hypercellular
stromal element

cellular stroma composed of uniform, stellate, and spindle
shaped cells (Fig. 16b). Occasionally, shrunken cells
become embedded in the calcified matrix of the ossicles.
The psammomatoid bodies are basophilic and bear super-
ficial resemblance to dental cementum, but may have an
osteoid rim. Because of a superficial resemblance between
these ossicles and the cementum spheres of the odonto-
genic ossifying fibroma, the lesion has occasionally been
mislabeled as cemento-ossifying fibroma, implying an
odontogenic origin which, as mentioned above, is rather
unlikely in extra- gnathic bone. Mitotic activity is extre-
mely rare in the stromal cells. At the periphery of the
lesion, the ossicles seem to coalesce and form irregular thin
bony trabeculae that may become thicker, with numerous
reversal lines resembling Paget’s bone. A shell of normal
bone is usually present and may show osteoclastic
resorption endosteally associated with osteoblastic activity
on the periosteal surface. Cystic degeneration and aneu-
rysmal bone cyst formation has been reported in some
cases. It is believed by some authors that fast and aggres-
sive growth rates in some cases of JOF of both the
psammomatoid and trabecular types may be related to
aneurysmal bone cyst formation [165].

Confusion between TrJOF and PsJOF is mainly due to
the use of the term “Juvenile ossifying fibroma” to
describe these two entities, in spite of clear differences in
microscopic appearance. The former is Trabecular, the
later is psammomatoid. In addition PSJOF have a definite
site predilection for periobital bones while TrJOF favors
the gnathic bones. TrJOF also has a younger average age of
incidence.

Surgical excision is the treatment of choice, although
recurrence even after definitive surgery is not unusual.
Recurrence rates of >30% have been reported. In some
cases, multiple recurrences over a long follow-up period
are reported. No malignant change has been observed.

Cytogenetic analysis was done in only a few cases of
ossifying fibroma. In one case of COF of the mandible,
deletions were detected in 2q31-32 q35-36 [183]. A study
of 3 cases of PsJOF of the orbit demonstrated non random
chromosome break points at Xq26 and 2q33 resulting in
(X;2) translocations [184].

Gigantiform Cementoma

An extremely rare form of ossifying fibroma is multifocal
with tumors that are often massive. Autosomal dominant
inheritance is seen among some cases whereas others are
“familial”. Among the few cases that have been reported,
the gene appears to have a high level of penetrance with
variable expressivity [185-198]. Lesions arise during
childhood and progressively expand to cause facial defor-
mity during early adult years. Yet other instances within a
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Fig. 17 Gigantiform Cementoma. (a) Massive mixed radiolucent/
radioopaque expansile lesions in both jaws. (b) Fibro-osseous pattern
with cementicles and boney trabecuae, the former oftern appearing
much larger that those seen in cemento-ossifying fibroma

kindred may manifest minimal involvement without pro-
gressive aggressive behavior and the lesions are confined
failing to expand the cortices. Sporadic cases without any
heritable features have been also been recorded.

Gigantiform Cementomas are restricted to the jaws and
may arise in two, three or all four quadrants. Expansile
masses of the maxilla and mandible are readily apparent in
most instances and radiographically, marked expansion is
seen with a radiolucent mass containing floccular calcifi-
cations (Fig. 17a). In the forme frusta, the clinicoradiologic
features are similar to those seen in florid osseous dys-
plasia, being multiple confluent opacities that are
minimally expansile.

Microscopically a benign hypercellular stroma is
observed with monomorphic appearing fibroblasts and
mature collagen fibers [185, 186], Mitotic figures are
absent. Dispersed throughout are ovoid, often laminated,
psammomatoid calcifications that are variable in size.
Many of these spheroidal calcifications are large, much
larger that those seen in the psammomatoid variant of
ossifying fibroma (Fig. 17b). After all, everything is big
with gigantiform cementoma. Under polarized light,

Sharpy’s fibers are seen to project radially from these lar-
ger spheroidal deposits that resemble cementicles normally
encountered in the periodontal ligament.

Treatment for gigantiform cementoma is resection with
immediate or staged reconstruction (Table 3).

Discussion

There has been considerable controversy concerning the
nosology of benign fibro-osseous lesions, due in part to the
varied histomorphologic patterns of stroma and bone in
these lesions and the fact that similar or even identical
microscopic features can be shared among two or more
different entities. We have classified these diseases
according to pathogenetic mechanisms yet the most prac-
tical, utilitarian approach is to consider BFOL in the
context of combined clinical, radiologic and pathologic
characteristics (Table 4). It is axiomatic that a definitive
diagnosis can rarely be rendered on the basis of micro-
scopic features alone; although there are subtle changes
that may lead the pathologist to favor one entitiy over
others. Age sex and race are variables that carry weight in
the formulation of a final diagnosis. The lesional bound-
aries as seen in radiographic imaging studies are also of
utmost importance since some BFOL are associated with
teeth; some show diffuse ill-defined borders while others
are well delineated. And finally, there are indeed certain
histologic patterns that may be restricted to only one dis-
ease process.

The diagnostic criteria that are most controversial, at
least as gleaned from the earlier literature are those that
distinguish (1) fibrous dysplasia from ossifying fibromas
and chronic sclerosing osteomyelitis, (2) florid cemen-
toosseous dysplasia from diffuse sclerosing osteomyelitis
and gigantiform cementoma and (3) focal cementoosseous
dysplasia from ossifying fibromas.

The microscopic features outlined by Reed [199] Zim-
merman et al. [200] and vanHorn et al. [201] for fibrous
dysplasia refer to the presence of “metaplastic” bone,
characterized by trabeculae that are morphed from simple
mesenchymal connective tissue in the absence of osteo-
blasts and also represented a maturation arrest with
deposition of woven bone only. In the craniofacial bones
these criteria do not apply. Documented followup with
periodic rebiopsy discloses that early formative lesions of
fibrous dysplasia lay down woven bone trabeculae with
extentive osteoblastic rimming of trabeculae and marked
stromal hypercellularity whereas “older, mature” lesions
show both woven and lamellar bone with trabeculae that
lack juxtaposed osteoblasts. The socalled “chinese or
Hebrew” letter figures remain a classis feature, yet these
atypical trabeculae may be seen in other BFOL. The major
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Table 4 Clinical, radiographic and microscopic parameters that distinguish among the benign fibro-osseous lesions

Disease

Clinical features

Radiologic findings

Histopathology

Fibrous dysplasia

Osteitis deformans

Hyperparathyroidism

Focal cemento-osseous
Dysplasia

Florid cement-osseous
Dysplasia

Focal sclerosing
Osteomyelitis

Diffuse sclerosing

Osteomyelitis

Ossifying fibroma

Not otherwise specified

Ossitying fibroma

Trabecular variant

Ossifying fibroma

Psammomatoid

Gigantiform cementoma

Expansion of bone
Unilateral, painless
Alk phosphatase
Mono or Polyostotic
Expansile lesions
Alk phosphatase
Cranial neuropathies
Polyostotic
Parathormone, Ca
Renal disease

“Big head disease”
Non-expansile
Painless
Non-expansile
African descent
Non-expansile
Painless

Carious tooth
Expansile

Painful

Dental source of infection + or —
Expansile, painless
Rarely multifocal
Jaws

Expansile, painless
Root divergence
Aggressive
Expansile

Facial bones
Aggressive
Massive, expansile
Multiquadrant
Often familial

Diffuse radiolucent or ground glass

Ground glass

Cotton wool

Ground glass

Multilocular Brown tumors
Massive opaque jaw lesions
Focal circumscribed apical
Lucent or target lesions
Multiquadrant opacities
Associated bone cavities
Apical well delineated
Lucent, target or opaque

Diffuse ground glass

Proliferative periostitis

Circumscribed lucent or target lesion

Root divergence

Circumscribed lucent

Floccular opacities

Circumscribed

Dense floccular opacities

Well delineated lucent with floccular opacities

Trabecular “Chinese/Hebrew”

Mosaic bone

Rare sarcoma & giant cell lesions

Trabecular

Giant cell lesions

Trabecular
Cementifying
Trabecular
Sclerotic
Trabecular
Sclerotic

Trabecular

Sclerotic

Trabecular
Cementifying

Trabecular
Giant cell foci
Fibroplasia

Psammoma

Trabecular
Cementifying

criteria for the diagnosis of fibrous dysplasia in the cra-
niofacial complex are (1) a fibroosseous histology with
trabecular rather than cemental bone, (2) onset in child-
hood or teenage years, (3) unilateral distribution with
polyostotic forms being uncommon, (4) a ground glass
radiographic pattern in the maxilla and facial bones or a
mottled mixed radiolucent/radioopaque pattern in the
mandible, all with poorly defined lesional boundaries.
While fibrous dysplasia and ossifying fibromas may
share microscopic features, the clinicoradiologic differ-
ences are now widely accepted. Recently, Toyosawa et al.
[164] demonstrated that the two entities can be distin-
guished from one another on the basis of molecular

detection of Gs-alpha mutations in fibrous dysplasia of the
jaws while ossifying fibromas are found lacking.

The confusion between fibrous dysplasia and chronic
sclerosing osteomyelitis is common. Both show osseous
expansion, occur in youngsters and manifest a ground glass
radiographic pattern, clinico radiologic findings that may
be almost identical. The major differentiating factors
include symptomatology and histology. FD is painless
while CSO patients complain of episodic dull pain and it is
always the mandible that is affected in CSO whereas the
maxilla is more often involved than the mandible in FD.
Histologically, FD never shows islands of dense cortical
bone while CSO does along with concomitant fibro-
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osseous features. Lastly, bone biopsy culture will often
reveal low virulence anaerobic bacteria in CSO and pro-
liferative periostitis is a frequent accompaniment.

The second areas of controversy involve confusion over
diagnostic features for florid cementoosseous dysplasia,
diffuse sclerosing osteomyelitis and gigantiform cemen-
toma. This confusion began with a paper by Shafer [202], in
which a series of cases were published under the rubric of
CSO when in fact, it was later realized that the lesions he
was referring to were, in reality, classic examples of florid
cemento-osseous dysplasia, an entity that was clearly
delineated 19 years after Shafer’s publication, by Melrose
et al. [111]. In defense of Shafer’s original interpretation,
many cases of FICOD become secondarily infected, fistu-
lated and sequestrated, signs of bone fide osteomyelitis. Yet
later in the course of events, Scandanavian papers appeared
that presented cases of sclerosing bone lesions in children
that could be attributed to low virulence bacterial organ-
isms, many of which are anaerobic. [130-137]. The
characteristic microscopic features outlined by Melrose
et al. [111] and by Su et al. [105, 106] clearly define an
entity that differs from sclerosing osteomyelitis with
cementicle formation, “ginger root” trabeculae and large
osteosclerotic islands. Furthermore, FICOD is more often
reported among African descent subjects, tends to be mul-
tifocal and at surgery, empty bone cavities are encountered.

Another point of controversy involves confusing FICOD
with gigantiform cementoma. There are many papers in the
older literature that report cases of gigantiform cementoma
that are in reality instances of FICOD. Yet other reports
have been referred to as multiple enostoses. Gigantiform
cementoma as originally reported by Agazzi and Beloni
[203] and more recently by Young et al. [185] and Ab-
dulsayed et al. [186] exhibits the classic clinicoradiologic/
pathologic features that have already been detailed. One
caveat, in familial cases of gigantiform cementoma, there
are family members who present with radiologic changes
that are mild (incomplete penetrance and/or espressivity)
and do in fact resemble FICOD.

Lastly, focal cementoosseous dysplasia is often con-
fused with ossifying fibromas. Importantly, the former is an
endosseous nonneoplastic process that occurs around the
roots of mandibular teeth and fails to expand bone. Alter-
natively, ossifying fibromas are potentially aggressive
lesions that cause cortical expansion and often cause
divergence of contiguous teeth. Both lesions may show
similar histologic features with trabecular bone and ce-
mentifying areas. Older lesions of FCOD may show dense
corticated bone islands, a finding that is not present in
ossifying fibromas.

It is noteworthy that molecular studies are finally being
performed and well defined DNA lesions are being
uncovered in osteitis deformans, fibrous dysplasia and

ossifying fibromas. Surely BFOLSs of the jaws with familial
or ethnic features such as gigantiform cementoma, florid
cementoosseous dysplaisia, periapical cemental dysplasia
and focal cementoosseous dysplasia will be subjected to
rigorous analysis in the search for an undercurrent of
molecular disease.
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Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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